Purpose: Leveraging pharmacy personnel resources for the purpose of antimicrobial stewardship program (ASP) operations presents a challenging task. We describe our experience integrating all pharmacists into an ASP, and evaluate the impact on ASP interventions, antimicrobial utilization, rate of selected hospital-onset infections and readmission. Summary: During a study period (January 1 to December 31, 2015), a total of 14 552 ASP-related pharmacy interventions were performed (ASP clinical pharmacotherapy specialists [CPS] n = 4025; non-ASP CPS n = 4888; hospital pharmacists n = 5639). Sixty percent of interventions by ASP CPS were initiated utilizing the dedicated ASP phone, and 40% through prospective audit and feedback. Non-ASP CPS performed interventions during bedside rounds (dose adjustment 23%, initiate new or alternative anti-infective 21%, discontinue antibiotic(s) 12%, therapeutic drug monitoring 11%, de-escalation 4%), whereas hospital pharmacists participated at the point of verification (dose adjustment 75%, restricted antibiotic verification 15%, and reporting major drug-drug interactions 4%). The acceptance rate of interventions by providers and clinicians was >90% for all groups. Annual aggregate antimicrobial use decreased by 6.4 days of therapy/1000 patient-days (DOT/1000 PD; P = 1.0). Ceftriaxone use increased by 8.4 DOT/1000 PD (P = .029) without a significant compensatory increase in the use of antipseudomonal agents. Sustained low rates of hospital-onset Clostridium difficile (CDI) and carbapenem-resistant Enterobacteriaceae (CRE) infections were observed in 2015 compared with the prior year (1.1 and 1.2 cases/1000 PD, 0.2 and 0.1 cases/1000 PD, respectively). Thirty-day readmission rate decreased by 0.6% (P = .019). Conclusions: Integration of all pharmacists into ASP activities based on the level of patient care and responsibilities is an effective strategy to expand clinical services provided by ASP.
Introduction
Antimicrobial stewardship programs (ASPs) have an essential role in improving patient outcomes, reducing antimicrobial adverse events, decreasing antimicrobial resistance, and optimizing resource utilization. [1] [2] [3] [4] [5] The Joint Commission Antimicrobial Stewardship Standard for hospitals mandates establishing an ASP as an organizational priority. 6 Dedicated medical and pharmacy staff with antimicrobial expertise are critical for ASP success. It is recommended to identify an ASP pharmacist co-leader to partner with a physician leader or physician champion to provide the expertise and accountability needed for high-quality programs. [6] [7] [8] [9] An important role of the ASP pharmacy co-leader is to engage and train other pharmacy staff in appropriate antibiotic use, thereby enhancing participation in ASP activities. 7 In 2014, the Centers for Disease Control and Prevention (CDC) published the "CDC Core Elements of Hospital Antimicrobial Stewardship Programs" outlining specific pharmacy-driven interventions, such as dosing adjustments, intravenous (IV) to oral antimicrobial switches, and managing antibiotic-related drug interactions. 8 Recently, Bessesen et al described a novel approach integrating ward pharmacists to perform core ASP interventions at the time of multidisciplinary patient care rounds with their assigned medical teams. 9 In addition, Chahine et al proposed specific ASP activities to engage pharmacy residents such as extended hours for pharmacist-led prior authorization for restricted antimicrobials. 10 And yet, leveraging pharmacy personnel resources for the purpose of ASP operations presents a challenging task. In this report, we describe our experience establishing a multilayer model of pharmacy participation in ASP to extend comprehensive coverage provided by dedicated full-time ASP clinical pharmacotherapy specialists (CPS).
Methods
Setting NYU Langone Health Tisch Hospital is a 730-bed tertiary care, academic hospital in New York City. Our pharmacy department provides 24-hour services from a combination of centralized pharmacy and satellite pharmacies. Pharmaceutical services are supported by automated dispensing technology and Epic computerized physician order entry (CPOE) system (Epic Systems Corporation, Verona, Wisconsin), and provided in conjunction with collaborative patient care rounds by CPS in critical care (CC), emergency medicine, infectious diseases (ID), internal medicine, pediatrics, and hematology/ oncology. The Department of Pharmacy offers a postgraduate year 1 (PGY1) general pharmacy residency program (4 positions) and PGY2 specialty residency programs in ID (1 position) and CC (1 position).
In December 2008, we initiated a formal ASP for adult patients led by a board-certified ID physician. Our ASP utilizes a combination of preauthorization and prospective audit and feedback (PAF) as core strategies. The ASP developed and implemented facility-specific guidelines to improve antibiotic use for common infections including pneumonia (PNA), sepsis, skin and soft tissue infections, intra-abdominal infections, and urinary tract infections (UTIs). In addition, dosing and monitoring guidelines for aminoglycosides, vancomycin, and β-lactams were established to guide licensed independent providers (LIPs) at the time of ordering, and to assist hospital pharmacists at the point of verification. Although our institution lacks a formal protocol for a pharmacokinetic dosing service, all hospital pharmacists are trained and available to make recommendations for vancomycin and aminoglycoside dosing. Also, both ASP CPS and non-ASP CPS assist with dosing, adjustments, and therapeutic drug monitoring for vancomycin and aminoglycosides. In 2014, rapid microbiologic diagnostic testing (RDT) with polymerase chain reaction (PCR) of blood cultures growing gram-positive cocci (GPC) in pairs and clusters was introduced. A corresponding workflow where ASP CPS receive electronic real-time notifications 3 times daily to facilitate optimal therapy based on the PCR results was implemented. At the same time, ASP PAF was extended to include medication reconciliation of patients on antiretroviral therapy (ART).
All ASP interventions are directly communicated to the primary team verbally or as a phone call by a member of ASP team as no system for automatic pharmacy interventions is currently established. Prior to July 2014, weekends, holidays, evenings, and nights ("WHEN hours") constituted a gap in providing comprehensive full-spectrum ASP coverage, because ASP CPS were available only 8 am to 4 pm during weekdays. Of note, ID fellows were solely responsible for providing approvals for restricted antimicrobials during the weekday hours of 4 pm to 10 pm and on weekends and holidays during the hours of 8 am to 10 pm.
Establishing Pharmacy Participation in ASP
Preimplementation phase. A stepwise plan outlining a multilayer model to extend pharmacy participation in ASP and provide evening and weekends comprehensive coverage ( Figure 1 ) was developed by the ASP/ID pharmacy clinical manager in collaboration with pharmacy leadership. Based on the proposed model, ASP CPS would continue to perform ASP activities during weekdays; non-ASP CPS would be integrated into ASP to provide high-level activities such as antimicrobial recommendations, approval of restricted antimicrobials, and de-escalation during weekday multidisciplinary bedside patient care rounds; and PGY2 pharmacy residents (ID and CC) would be utilized to extend full onsite ASP coverage to weekends (8 am-4 pm). 11 Hospital pharmacists would be empowered to perform ASP-related interventions at the point of verification of anti-infective orders.
System changes to the CPOE system included customization of Epic iVents (Clinical Interventions) to allow for documentation, tracking, and reporting of ASP interventions based on the level of pharmacist participation in patient care. In addition, ASP CPS developed educational activities for all pharmacists. ASP education consisted of sessions with non-ASP CPS to review ASP guidelines, and sessions with hospital pharmacists to review ASP goals including pharmacy participation, vancomycin and aminoglycosides dosing protocols, allergy documentation, and major anti-infective related drug interactions accompanied by an ID/ASP competency exam at the end of their training. These ID/ASP sessions were integrated into the onboarding process for newly hired hospital pharmacists. For the first 3 months, newly hired non-ASP CPS were required to discuss requests for restricted antibiotics with an ASP CPS before official approval could be provided. An internal pharmacy website was utilized to post all the ASP guidelines, dosing protocols, summaries, and checklists. Implementation phase. In July 2014, a PGY2 clinical weekend program was rolled out to extend pharmacist-driven ASP coverage to 7 days a week. 11 The present study took place from January 1 until December 31, 2015. Starting in January 2015, all pharmacists were integrated into ASP at different levels based on their participation in patient care ( Figure 1 ). Pharmacists were responsible for timely documentation of their interventions into the CPOE system. ASP CPS encouraged direct communication via a dedicated ASP phone for any questions related to anti-infectives. In July 2015, additional CPS positions were filled: an ASP CPS for the evening shift extending ASP weekday hours to 9 pm, and 3 full-time non-ASP CPS providing rounding support for 2 additional Internal Medicine teams and the Medical ICU-Step Down Unit (SDU).
Ongoing communication and learning during the study period included reports of interventions disseminated weekly via e-mail to all involved pharmacy staff (ie, ASP CPS, non-ASP CPS, and hospital pharmacists). A case for review and brief "clinical pearls" were included in weekly e-mails to facilitate learning. ASP updates were provided at weekly pharmacy huddles and monthly staff meetings. In addition, reports of ASP interventions were reviewed quarterly and annually at the institutional level via the Antimicrobial Subcommittee of Pharmacy & Therapeutics (P&T) Committee, which was then reported to the institution's full P&T Committee and ultimately the Medical Board.
Outcomes
During the study period, pharmacy interventions and acceptance rates were documented and used as a process measure. We also evaluated aggregate antimicrobial utilization in 2015 and compared it with the prior year. Outcome measures included rate of hospital-onset Clostridium difficile infection (CDI), rate of hospital-onset infections caused by carbapenem-resistant Enterobacteriaceae (CRE), percent of Enterobacteriaceae nonsusceptible to ceftriaxone, and 30-day readmission rate. These outcomes were also compared between the study period and the prior year.
Definitions
Aggregate antimicrobial use was measured in days of therapy/1000 patient-days (DOT/1000 PD) according to CDC standards. 12, 13 Rates of CDI and CRE were calculated using data generated by our Infection Prevention and Control (IPC) department that is reported to CDC using National Health and Safety Network (NHSN) definitions. Data from yearly antibiograms generated by our microbiology laboratory were used to calculate percent of Enterobacteriaceae nonsusceptible to ceftriaxone. A pharmacy database of administered antimicrobials was used to calculate 30-day readmission rate for all patients who received at least 1 dose of antimicrobials during hospital stay.
Statistical Analysis
The independent-samples Mann-Whitney U test and chisquare test were used to compare median quarterly DOT/1000 PD and 30-day rate of readmission, respectively. P value ≤.05 denoted statistical significance. All analyses were performed using SPSS version 23 (IBM Corp, Armonk, New York).
Results

Pharmacy Interventions
A total of 14 552 ASP-related pharmacy interventions were performed during the study period (ASP CPS n = 4025; non-ASP CPS n = 4888; hospital pharmacists n = 5639). With the increase in staffing and extended ASP hours, the total number of interventions performed by ASP CPS and non-ASP CPS in quarters 1 and 2 as compared with quarters 3 and 4 increased by 19.7% (n = 441) and 2.3% (n = 58), respectively. As compared with 2014, there was an increase in the total number of interventions for all groups (34% for ASP CPS, 26% by non-ASP CPS, 39% by hospital pharmacists). The type of interventions performed by ASP CPS, non-ASP CPS, and hospital pharmacists ( Table 1) represented different levels of participation and supports our multilayer model. Of note, interventions performed by the pharmacy residents were included in all calculations.
For ASP CPS, 60% of interventions were through incoming calls to a dedicated ASP phone, and 40% through PAF. Of note, only 34% of calls were requests for approval of restricted antimicrobials. The overall approval rate for restricted antimicrobials by the ASP team was 70%. The approval rate was 68% during weekdays for 3 ASP CPS as compared with 77% during weekends for PGY2 ID and CC residents. Among the remaining general ASP calls, the majority of calls were for antimicrobial recommendations and/or culture and susceptibility review (51%). The most common antimicrobial agents targeted during ASP phone interactions were vancomycin (29%), piperacillin-tazobactam (PTZ, 14%), fluoroquinolones (13%), cefepime (12%), ceftriaxone (12%), and meropenem (5%). Among PAF interventions documented by the ASP team (40% of total ASP team interventions), the most common included pharmacokinetic (PK)/pharmacodynamic (PD) dosing and monitoring for aminoglycosides and/or vancomycin (21%), antibiotic dose adjustment (18%), discontinuation of unnecessary therapy (13%), recommendation for alternative therapy including bug-drug mismatches (7%), and de-escalation (6%). Review of positive blood culture reports after RDT resulted in discontinuation of unnecessary antibiotics in 14% of cases and de-escalation to optimal therapy in 24% of cases. The most common antimicrobial agents that required interventions were vancomycin (41%), cefepime (11%), PTZ (7%), meropenem (7%), and fluoroquinolones (5%).
Non-ASP CPS served as an extension of our ASP by delivering high-level ASP interventions at the patient bedside and providing ASP education for physicians and LIPs in real time. ASP-related interventions performed by the 10 non-ASP CPS included dosing regimen adjustment (23%), discontinuation of antibiotic(s) (12%), initiation of alternative antibiotic (ie, bug-drug mismatch, 10%), initiation of new anti-infective (11%), therapeutic drug monitoring (11%), and de-escalation (4%). Hospital pharmacists acted as gatekeepers at the point of antiinfective order verification, ensuring appropriate dosing and compliance with hospital policies. Common ASP interventions performed by 65 hospital pharmacists were dosing adjustments (75%), adjusting duration of overnight restricted antibiotic orders to 24 h (6%), reporting 
Antimicrobial Utilization
Annual aggregate antimicrobial use during the study period decreased by 6.4 DOT/1000 PD from the preceding 12-month period (P = 1.0; Table 2 
Outcome Measures
The rate of hospital-onset CDI decreased slightly from to 1. 
Discussion
We describe a multilayer model that we implemented to leverage pharmacy personnel resources for the purposes of ASP. Integration of non-ASP CPS to perform ASP activities and their expansion to all hospitalist services in internal medicine and to the medical SDU allowed AS to be performed at the bedside for services with a high proportion of patients on antimicrobials. As a collateral benefit, participation of non-ASP CPS also permitted ASP CPS to focus on services that cannot be provided by the rounding CPS and to ensure a manageable load of ASP phone calls and PAF interventions in large academic medical center with daily bedcensus in 500 to 700 range. A similar approach integrating rounding pharmacists into ASP was recently described by Carreno et al and Bessesen et al. 9, 14 Furthermore, extending ASP CPS coverage to evenings and weekends provided workflows and services similar to what the day shift ASP CPS team was already providing. ASP weekend coverage by the PGY2 residents resulted in uniformity of service provided, permitted patient handoffs to the weekday ASP team, and promoted continuity of care. Continuous communication, support, and education through weekly reports of interventions and teaching cases via e-mail, weekly participation at pharmacy department huddles, and monthly updates at staff meetings were well received from our hospital pharmacists. This helped to maintain a collaborative working environment between hospital pharmacists and CPS and engaged hospital pharmacists in ASP at the point of order verification. Overall, we observed improved communication between ASP CPS and hospital pharmacists. This is evident by the number of calls made by hospital pharmacists (n = 494) to ASP CPS to address their questions related to antimicrobial verification.
As previously described in the literature, integration of a CPOE system is critical for ASP success. 15 Implementation of a structured documentation system prior to the study period warranted timely documentation of interventions into the CPOE system by all pharmacists, which was used as a process measure of pharmacy participation. In addition, ongoing education related to documentation and reporting of interventions performed by all pharmacists has allowed the ongoing tracking of pharmacy participation.
Although the only significant outcome measure documented in our study was 30-day readmission rate, reported trends of antimicrobial utilization and rates of hospital-onset CDI and CRE were consistent with ASP guidelines and initiatives. It is also important to emphasize that ASP interventions and ASP impact should be viewed as a small component of bigger hospital-wide and IPC initiatives to decrease length of stay, improve hand-hygiene and cleaning, and provide evidence-based and value-based medicine.
Our study has a number of limitations, including the retrospective single-center design, short study period (i.e., 1 year), absence of well-defined CDC metric for 30-day readmission due to infection, 16 dependence on the accuracy of documentation to measure the acceptance rate for pharmacy interventions, and possible discrepancies in comparison of pharmacy participation in ASP between years due to the limited training and lack of tracking of communication between pharmacists and ASP CPS in 2014. In the subsequent year of 2016, we expanded ASP by adopting new interventions such as syndrome-specific reviews for CDI, UTIs, PNA, and bacteremia, as well as improved the CPOE system's flags and dashboard to effectively identify targets of potential interventions. We continue to work on improving ASP CPS communication with hospital pharmacists and non-ASP CPS and integrating all pharmacists into additional ASP activities.
Conclusion
ASP-related services were expanded at our institution by increasing ASP CPS staffing and coverage, integrating non-ASP CPS at the time of multidisciplinary bedside patient care rounds, involving hospital pharmacists at the point of verification, and designating PGY2 pharmacy residents to provide on-site ASP weekend coverage. An increase in ceftriaxone use, a narrower spectrum antibiotic, without compensatory significant increase in broader spectrum antimicrobials; a sustained low rate of hospital-onset CDI and CRE; and reduction in 30-day readmission rate were observed. Overall, establishing multilayered pharmacy participation in ASP is an effective strategy to extend coverage provided by ASP CPS.
